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Abstract  
This paper presents empirical evidence on the effect of external knowledge 
sourcing strategies on the development of both product and process 
innovations, and assesses the degree to which such effects are influenced by the 
firm’s internal technological capacities. In our analysis, we consider two 
strategies for acquiring external knowledge (BUYING and COOPERATING) 
and two types of external sources (industrial agents and scientific agents). The 
analysis is based on a sample of 2,764 manufacturing firms, taken from the 
Spanish Survey of Technological Innovation 2000. Our results suggest that, 
rather surprisingly, with a high level of internal technological capabilities 
derived from in-house R&D activities, external knowledge acquisition from 
scientific agents loses its importance as a determinant of firm innovation 
output.  
Keywords: External knowledge sourcing; in-house R&D; absorptive  
capacity; innovative performance  
1. INTRODUCTION  
The role of external knowledge sources as determinants of innovation has been repeatedly 
emphasised in the literature from a range of theoretical approaches. Innovation network 
theorists (Håkannson, 1987; Baptista and Swan, 1998), for instance, maintain that firms 
rarely innovate on their own, and that the introduction onto the market of new products and 
processes largely depends on the firm’s ability to build strong links with external agents. 
Chesbrough, through his open innovation model, also points to the importance of external 
ideas for the innovation process and even suggests that internal R&D is no longer the 
strategic asset it once was (Chesbrough, 2003).  
Nevertheless, some researchers have warned about the risk of overestimating the role 
played by external knowledge sources, arguing that in many industries, innovation efforts 
are not only made by firms themselves, but are in-house generated (Nelson, 2000). The 
studies conducted by Oerlemans et al. (1998) in the Netherlands and Freel (2003) in the UK 
show that the firm’s internal resources are the main determinants of their innovation 
performance, and that creation of external networks has only a limited impact.   
On the other hand, and from a more integrative perspective, other authors have pointed out 
that external and internal knowledge acquisition can be complementary in the innovation 
strategies of firms. They maintain that the effect of external knowledge sources on 
innovation performance, although important, depends on the internal capabilities of the 
firm. In line with this thinking, Cohen and Levinthal’s (1989, 1990) concept of “absorptive 
capacity” has gained weight in recent years. This concept places special emphasis on the 
firm’s pre-existing knowledge in the tasks of identifying, assimilating and exploiting 
external knowledge. Based on this concept, it has been argued that not only do the internal 
efforts made by the firm to create new knowledge encourage the use of external knowledge 
sources, they also increase the firm’s ability to exploit these sources efficiently in the 
development of new products and processes. Thus, the greater the internal capabilities of 
the firm, the greater the effect of the different external knowledge acquisition strategies on 
innovation performance.   
However, the above argument, though widespread, lacks empirically sound foundation. 
Most of the existing studies focus on the co-existence of internal and external knowledge 
sourcing activities in business strategies, and pay little attention to the analysis of the 
combined effects of these activities on the firm’s innovative performance. Along these 
lines, this paper provides empirical evidence on the effect of the external knowledge 
sourcing strategies adopted on the development of both product and process innovation, 
and also assesses to what extent this effect is influenced by the firm’s internal technical 
capabilities. Its contribution is in assessing the real value of external knowledge sources as 
the determinants of innovation. Additionally, our analysis examines the effects of these 
activities in relation to the particular industry in which the firm operates, and considers two 
different sectors: science-based firms and supplierdominated firms. The present study 
focuses on the manufacturing industry in Spain, which is a technology follower country. It 
is hoped that the results provided in this paper will facilitate comparisons and establish 
differences, in terms of innovation patterns, with technologically leading countries, which 
traditionally have been the focus of this type of analysis.  
The paper is organised as follows: In section 2 we outline the methodological aspects of the 
empirical study, describing the data, the measures of the variables and the econometric 
specifications. Section 3 presents the results and section 4 provides the main conclusions 
from our study.   
 
2. DATA AND METHODOLOGY  
2.1. SAMPLE  
The data used in the empirical analysis come from the 2000 Technological Innovation in 
Companies Survey (TICS) conducted by Spain’s National Statistical Institute. This survey 
is based on the Oslo Manual (OECD, 1992, 1997), and provides information on the 
innovative behaviour of Spanish firms during the period 1998-2000. The original sample 
comprises both manufacturing and service companies employing a minimum of 10 staff; 
our study includes only the manufacturing companies, which total 6 094 firms across 29 
different industries.  
Several studies in the field of industrial economics have shown that the effect of both 
internal and external knowledge sources upon innovation can also be determined by 
industrial dynamics, which should not be overlooked (Malerba, 2005). In order to control 
for these potential variations, in this paper we adopt the taxonomy proposed by Pavitt 
(1984) of patterns of technological change, which classifies firms into four different 
categories: supplier-dominated, scale intensive, specialised supplier and science-based 
firms.   
Although adoption of this taxonomy can lead to certain simplifications, its applicability as a 
criterion for the classification of firms has been tested in several studies (Cesaretto and 
Mangano, 1992). In the particular case of this paper, this taxonomy is extremely valuable as 
it classifies firms in terms of the technological knowledge sources they use to develop their 
innovation activities. Thus, Pavitt (1984), for instance, suggests that in supplier-dominated 
firms (textile, clothing and fur, paper, wood and cork, leather and footwear, furniture, etc.) 
the technological knowledge is mainly embodied in the machinery, equipment and capital 
assets produced by other sectors, while in sciencebased firms (chemistry, pharmaceutical 
products, electrical components, radio apparatus, TV and communication, spacecraft) the 
main sources of knowledge are the firms’ internal R&D activities and scientific research 
carried out by universities and public research institutions. This paper focuses on these two 
sectoral categories as they are the ones that display more heterogeneous innovation 
patterns, and are the categories of firms in which the industry dynamics associated with the 
use of external and internal knowledge sources are more clearly distinguishable.  
We have selected a total sample of 2764 firms from the spectrum of manufacturing 
companies, falling within the categories of supplier-dominated and science-based 
industries. 
 
2.2 VARIABLES  
The literature on the sources and determinants of technological change has traditionally 
focused on the study of product innovation, while process innovations have been somewhat 
neglected (Reichstein and Salter, 2006). In order to redress the balance, in our analysis we 
distinguish between two dichotomous variables, one related to product innovation 
(PRODIN), and the other to process innovation (PROCIN). These variables are based 
directly on the responses to two questions in the survey, which explored whether the firm 
had introduced new or significantly improved products or processes during the period 
1998-2000.  
The first group of explanatory variables we studied relates to the different external 
knowledge acquisition strategies. Following Veugelers (1997), we distinguish between 
purchased knowledge (BUY strategy) and knowledge acquired through cooperation 
(COOPERATION strategy). Within the BUY strategy, we further distinguish between 
external R&D acquisition (ERD), acquisition of technology embodied in machinery and 
equipment (EQ), and the acquisition of intangible technology in the form of patents, 
trademarks, software and the like (TECNO). These variables are measured on an ordinal 
scale (within the range 0-4), which rates the firm’s expenditure in those activities in the 
year 2000 in relation to its turnover in the same year. Generally speaking, R&D-activity 
outsourcing has been associated mostly with product innovation, particularly in the case of 
science-based firms, and technological knowledge embodied in machinery and equipment 
has been assumed traditionally to be related process innovation, and particularly for 
supplier-dominated firms (Von Hippel, 1988). The effect of intangible technology 
acquisition has been relatively less explored in the literature, although it is likely that there 
is a positive relationship between this variable and the innovative performance of the firm.    
Strictly speaking, cooperation is a more “hybrid” mode of knowledge acquisition, building 
as it does on both externally supplied knowledge and the internal capacities of the firm. To 
evaluate the effect of cooperation on innovation performance, we drew on the responses to 
the TICS questions about firm cooperation with various external agents for R&D and 
innovation during the period 1998-2000. Based on previous classifications relating to the 
nature of external knowledge sources (Klevorick et al., 1995), we constructed two 
variables—CI and CNI—with the aim of reducing the number of variables in the regression 
analysis. The first relates to cooperation with industrial agents (clients, suppliers, 
competitors, and sister companies) and the second relates to cooperation with scientific 
agents or with agents not part of the industry chain (consultants, commercial 
laboratories/R&D firms, universities and public research institutions). These variables are 
measured on an ordinal scale (in the range 0-4) according to the number of collaborative 
agents in each category. The Cronbach alpha coefficients for these variables indicate that 
both have a high degree of internal consistency (CI alpha of 0.88 and CNI alpha of 0.92)  
The effect of cooperation with external agents on the innovation performance of firms has 
been extensively examined in the literature. On the one hand, these studies identified 
sectoral variations associated with greater relative importance of cooperation with scientific 
agents for science-based firms, and greater relative importance of cooperation with 
industrial agents for supplier-dominated firms (Freel, 2003; Oerlemenas, 1998). On the 
other hand, although universities and R&D institutes have traditionally been recognised as 
key actors in new product development, the role they play in process innovation is far from 
clear (Reichstein and Salter, 2006).   
The second group of explanatory variables relates to the firm’s internal technological 
capabilities. Specifically, we included two variables traditionally considered to be 
indicators of the efforts made by firms to create and assimilate new knowledge. The first 
variable refers to the effort expended on internal R&D activities (IRD) and the second to 
efforts made to train staff directly involved in the development of innovations (TRAINING). 
These variables are measured on an ordinal scale (range 0-4), which represents the firm’s 
expenditure in those activities during the year 2000 in relation to its turnover for that year. 
Both internal R&D activities and training efforts increase the existing organisational 
knowledge base and the ability of the firm to economically utilise this knowledge 
(Caloghirou et al, 2004). While related empirical studies have demonstrated the importance 
of internal R&D as a determinant of firm’s innovative performance, they are inconclusive 
as to the influence of investments in staff training on new process development or new 
product launch.   
At the same time, various authors have suggested that the effect of external knowledge 
sources on the firm’s innovation performance is not completely exogenous, but depends on 
the internal capacities of the organisation. In line with this view Cohen and Levinthal 
(1989, 1990) pointed to the two faces of R&D in terms of the different effects of internal 
R&D activities on the firm’s innovation performance. There is a direct and positive effect, 
since these activities engender new knowledge which can be used for the development of 
new or enhanced products and/or processes. In addition there is an indirect effect, resulting 
from the increase in the firm’s absorptive capacity, which facilitates the acquisition and 
exploitation of external knowledge. This latter effect is particularly relevant when the 
knowledge is of a scientific or technological nature, because its absorption and utilisation 
will require greater efforts on the part of the firm. This applies to knowledge acquired 
through cooperation with scientific agents or R&D outsourcing.  
Thus, higher investment in internal R&D is not only likely to increase the potential to 
generate both product and process innovations, but is also likely to emphasise the role of 
external scientific and technological knowledge sources as determinants of innovation. This 
implies that the greater the firm’s internal capacities, the greater the effect external 
knowledge source is likely to have on the firm’s innovative performance.  
We also included as a control variable a measure for firm size (SIZE). Although the 
importance of size as a determinant of innovation has been extensively analysed, it is 
difficult to determine a priori its real influence. The SIZE variable in this analysis is 
measured on an ordinal scale (range 1-4), which represents firm turnover relative to the 
industrial sector in which it operates. 
 
2.3 ECONOMETRIC SPECIFICATIONS AND ESTIMATION METHODS  
To meet the objective outlined in Section 1, we defined the following econometric models:  
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where i = 1,...,N (number of occurrences); d = PRODIN, PROCIN.  
In the first model, we analyse the effect of external knowledge sources on the firm’s 
innovation performance, regardless of its internal technological capabilities. In the second 
model, we include IRD and TRAINING as additional explanatory variables in order to 
determine to what extent internal capabilities influence the innovation outcome and 
ascertain their impact on the effects of external knowledge sources. Model 3 includes three 
interactive terms, derived from product of multiplying the IRD variable (moderating 
variable) by the ERD, CI, CNI variables (moderated variables), in order to explore this 
aspect further.  
The above three models were estimated for each of the two sectoral classes analysed, 
employing  “new or significantly improved product introduction (PRODIN)”, and “new or 
significantly improved  process introduction (PROCIN)” as dependent variables. This 
yielded 12 logistic equations, which, based on the dichotomy of the dependent variables, 
were estimated using binary logistic regression.  
1. 3. RESULTS  
2. 3.1 DESCRIPTIVE STATISTICS  
 
Tables 1 and 2 present the basic statistics for the variables used in the regression analysis 
along with their correlation coefficients.   
  Mean  SD  PRODIN  PROCIN  ERD  EQ  TECNO CI  CNI  IRD  
ERD  0,130  0,568  ,303(**)  ,275(**)        
EQ  0,685  1,365  ,458(**)  ,644(**)  ,237(**)      
TECNO  0,033  0,212  ,112(**)  ,163(**)  ,115(**) ,185(**)     
CI  0,063  0,426  ,140(**)  ,275(**) ,093(**) 0,039     
CNI  0,061  0,424  
,252(**) 
,236(**)  ,162(**)  ,252(**) ,110(**) 0,007  ,619(**)    
IRD  0,443  1,093  ,572(**)  ,424(**)  ,337(**) ,313(**)  ,061(**) ,283(**)  ,294(**)  
 
TRAINING  0,118  0,463  ,322(**)  ,364(**)  ,197(**) ,346(**) 
 
,104(**) ,125(**)  ,158(**) 
 
,360(**) 
**Correlation is significant at the 0.01 level (bilateral).        
*Correlation is significant at the 0.05 level (bilateral).        
 
Table 1 Descriptive statistics and Spearman’s correlation coefficients (supplier-
dominated firms)  
 Mean  SD  PRODIN  PROCIN  ERD  EQ  TECNO CI  CNI  IRD  
ERD  0,387  0,920  ,293(**)  ,267(**)        
EQ  0,819  1,364  ,309(**)  ,453(**)  ,221(**)       
TECNO  0,064  0,329  0,075  ,206(**)  0,026  ,128(**)     
CI  0,461  1,151  ,350(**)  ,416(**)  ,176(**) 0,041     
CNI  0,553  1,230  
,312(**) 
,350(**)  ,314(**)  ,453(**)  ,176(**) -0,003  ,784(**)    
IRD  1,679  1,729  ,574(**)  ,374(**)  ,339(**)  ,234(**) 0,03  ,386(**)  ,423(**)   
TRAINING  0,219  0,596  ,249(**)  ,191(**)  ,125(**)  ,331(**) ,099(*)  ,112(**)  ,088(*)  ,204(**) 
**Correlation is significant at the 0.01 level (bilateral).        
*Correlation is significant at the 0.05 level (bilateral).        
 
Table 2 Descriptive statistics and Spearman’s correlation coefficients (sciencebased 
firms)  
The descriptive statistics show some differences in terms of the use of knowledge sources. 
Thus, supplier-dominated firms mostly invest in the acquisition of knowledge embodied in 
machinery and equipment, while science-based firms devote most of their efforts to 
generating internal R&D. Furthermore, science-based firms cooperate more than supplier-
dominated firms with external agents, although in general the level of cooperation is still 
below the European average. Even though cooperation with scientific agents is the most 
frequent form of collaboration for science-based firms, surprisingly, cooperation with 
industrial agents is not proportionately greater in the case of supplier-dominated firms. 
These results coincide with those found by other authors (Castro and Fernández-de-Lucio, 
2006), and demonstrate that Spanish firms in general engage in low levels of cooperation 
and that those that do collaborate are more likely to choose scientific institutions as 
cooperation partners.  
On the other hand, although the correlation matrix shows significant and positive 
correlations among nearly all the variables analysed, in only some cases do the estimated 
coefficients show a values that point to high or moderate association. In the two sectoral 
categories analysed, internal R&D activities show strong correlation with product 
innovation and moderate correlation with process innovation. This variable is also 
positively related to external knowledge sources, and especially to the acquisition of 
external R&D and cooperation with scientific agents in the case of science-based firms. The 
latter may be an indication of the twofold effect of R&D, in that the greater the effort put 
into such activities, the greater is the firm’s ability to identify and use external knowledge 
sources.  
3.2 REGRESSION ANALYSIS  
The results of the regression analysis are presented in tables 3 and 4. Table 3 shows the 
estimations for the supplier-dominated firm category, and table 4 presents the estimations 
for the science-based firm category.   
The Chi-square values for each model’s degrees of freedom seem to point to a rejection of 
the null hypothesis that all parameters, except the intersection, are equal to zero with a 
significance level of 1%. Additionally, Cox and Snell’s R
2 
values are higher than 0.23 in all 
cases but one, being within the reasonable limits for models with qualitative dependent 
variables (Amara & Landry 2005).   
Model 1 Model 2  Model 3  
 Variables  B Exp B  B Exp B  B Exp B  
SIZE  0,56 (1,76)*** 0,43 (1,53)*** 0,41 (1,50)***  
ERD  0,47 (1,61)*** 0,17 (1,19)  0,42 (1,53)***  
EQ  0,58 (1,80)*** 0,54 (1,71)*** 0,53 (1,71)***  
TECNO  0,39 (1,48)*  0,39 (1,47)  0,41 (1,52)*  
CI  1,02 (2,78)*** 0,91 (2,50)*** 1,09 (2,99)*  
CNI  0,34 (1,40)  -
0,07 
(0,92)  1,50 (4,49)***  
IRD  Product innovation    0,85 (2,34)*** 0,96 (2,63)***  
TRAINING    0,42 (1,52)*** 0,42 (1,52)***  
IRD*ERD      -
0,22 
(0,80)***  
IRD*CI      -
0,02 
(0,97)  
IRD*CNI      -
0,65 
(0,51)  
Constant  -
3,37 
(0,03)*** -
3,46 
(0,03)*** -
3,47 
(0,03)  
R2 Cox & snell   0,23   0,33   0,34  
SIZE  0,51 (1,66***) 0,40 (1,49)*** 0,38 (1,47)***  
ERD  0,44 (1,56)*** 0,23 (1,26)**  0,36 (1,43)**  
EQ  0,98 (2,66)*** 0,92 (2,52)*** 0,92 (2,52)***  
TECNO  0,69 (2,00)**  0,65 (1,91)**  0,66 (1,93)**  
CI  0,22 (1,25)  0,07 (1,07)  0,20 (1,23)  
CNI  0,08 (1,09)  -
0,06 
(0,94)  0,85 (2,35)*  
IRD  Process innovation    0,50 (1,65)*** 0,57 (1,77)***  
TRAINING    0,79 (2,20)*** 0,76 (2,15)***  
IRD*ERD      -
0,10 
(0,90)  
IRD*CI      -
0,02 
(0,97)  
IRD*CNI      -
0,34 
(0,70)**  
Constant  -
3,47 
(0,03)*** -
3,51 
(0,03)*** -
3,50 
(0,03)***  
R2 Cox & snell   0,33   0,37   0,37  
 
* Significant at 10 percent; ** Significant at 5 percent; *** Significant at 1 percent  
Table 3 Determinants of innovation performance of supplier-dominated firms, results 
of the regression analysis.  
Model 1 Model 2  Model 3  
 Variables  B Exp B  B Exp B  B Exp B  
SIZE  0,30 (1,35)*** 0,13 (1,14)  0,13 (1,14)  
ERD  0,31 (1,36)*** 0,12 (1,13)  0,41 (1,51)*  
EQ  0,36 (1,43)*** 0,31 (1,36)*** 0,30 (1,35)***  
TECNOProduct innovation  0,42 (1,53)  0,49 (1,64)  0,44 (1,55)  
CI  -
0,19 
(0,82)  -
0,18 
(0,82)  0,19 (1,21)  
CNI  0,63 (1,89)*** 0,33 (1,40)  0,70 (2,01)  
IRD     0,70 (2,02)*** 0,79 (2,22)***  
TRAINING    0,29 (1,33)  0,24 (1,27)  
IRD*ERD      -
0,14 
(0,86)*  
IRD*CI      -
0,11 
(0,89)  
IRD*CNI      -
0,12 
(0,88)  
Constant  -
1,25 
(0,28)*** -
1,80 
(0,16)  -
1,91 
(0,14)  
R2 Cox &  Snell   0,18   0,35   0,36  
SIZE  0,39 (1,48)*** 0,31 (1,37)*** 0,31 (1,36)***  
ERD  0,16 (1,18)  0,07 (1,08)  0,62 (1,87)**  
EQ  0,71 (2,04)*** 0,68 (1,98)*** 0,69 (2,01)***  
TECNOProcess innovation  1,57 (4,83)*** 1,53 (4,64)*** 1,52 (4,58)***  
CI  0,44 (1,55)**  0,48 (1,62)**  -
0,22 
(0,80)  
CNI  0,06 (1,06)  -
0,11 
(0,89)  0,77 (2,17)  
IRD     0,34 (1,41)*** 0,44 (1,56)***  
TRAINING    0,10 (1,10)  0,01 (1,00)  
IRD*ERD      -
0,22 
(0,80)***  
IRD*CI      0,21 (1,23)  
IRD*CNI      -
0,26 
(0,76)  
Constant  -
2,27 
(0,10)*** -
2,62 
(0,07)*** -
2,78 
(0,06)***  
R2 Cox & Snell   0,29   0,33   0,35  
 
* Significant at 10 percent; ** Significant at 5 percent; *** Significant at 1 percent  
Table 4 Determinants of innovative performance of science-based firms, results of the 
regression analysis.  
3.2.1 THE EFFECT OF EXTERNAL KNOWLEDGE ACQUISITION  
The results of the model 1 estimation indicate that the effect of the different modalities of 
external knowledge acquisition on the firm’s innovation performance varies depending on 
industry sector and type of innovation.   
For firms in the supplier-dominated category, the three BUY strategies studied show a 
positive effect on development of both product and process innovations. In addition, 
acquisition of technological knowledge embodied in machinery and equipment (EQ) has 
the greatest impact on innovation performance, while cooperation with external agents is 
shown to be of minor importance. Confirming the findings in the literature, cooperation 
with scientific agents (CNI) is shown to be not relevant for either type of innovation, and 
also, contrary to expectations, industry cooperation (CI) was found to be not significant for 
process innovation.  
This latter result shows that in Spain, in contrast to other countries, the establishment of 
cooperation agreements between firms in the traditional manufacturing sectors and 
industrial agents does not enhance firms’ production processes. A likely explanation for 
this result is the low technological levels of the firms in these sectors, for which process 
innovations mainly consist of minor incremental improvements achieved through the 
purchase of new machinery and equipment, with the supplier’s role being reduced to the 
provision of this equipment. Nonetheless, cooperation with industry agents was shown to 
be the greatest influence in product innovations. In this case, the knowledge obtained from 
suppliers, clients and other firms seems to be a key input in the development of new or 
improved products.  
The analysis of the behaviour of science-based firms reveals that the effect of external 
knowledge sources varies significantly depending on the type of innovation developed. The 
acquisition of external R&D (ERD) has a significant influence only on product innovation, 
while the acquisition of intangible technology (TECNO) significantly affects only process 
innovation. Machinery and equipment acquisition (EQ) is the only BUY strategy that is 
shown to have a positive and significant effect on both innovation types, although, in 
contrast to the case of traditional firms, it is not the variable that has the greatest influence 
for either type of innovation.  
In science-based firms, cooperation with external agents is a more relevant determinant of 
innovation. Whilst cooperation with industry agents has a significant and positive influence 
on process innovation, cooperation with scientific agents has the greatest effect on product 
innovation. These results are in keeping with the literature, and show that the more 
technology-intensive the industry, the more important will be the knowledge from scientific 
agents for new product development.   
For the control variable, model 1 estimations show that size (SIZE) has a positive and 
significant effect in the two sectoral categories analysed, and for both innovation types.  
3.2.1 EXTERNAL KNOWLEDGE ACQUISITION AND ITS INTERACTION WITH THE FIRM’S INTERNAL 
CAPABILITIES  
Model 2 estimations show the effects of the different modalities of external knowledge 
acquisition on a firm’s innovation performance, taking the firm’s internal capabilities as 
additional explanatory variables.  
First, our results highlight the importance of the firm’s internal capabilities as determinants 
of technological innovation. The IRD variable exerts a significant and positive effect in all 
estimations, showing that for Spanish firms internal R&D efforts not only favour the 
development of new products, they also are an important factor in the upgrading of the 
productive processes. Expenditure on personnel training (TRAINING) has a significant 
effect on both types of innovation, but only in the case of supplier-dominated firms. This 
result is interesting insofar as it shows that although science-based firms invest more than 
supplier-dominated firms in staff training, the influence of this activity is significant only 
for the latter category of firms.   
Second, it is important to note that the firm’s internal capabilities are shown to influence 
the effect of external knowledge acquisition on the firm’s innovative performance. Also 
noteworthy is the fact that when we include in-house R&D in our analysis of product 
innovations, some of the variables associated with external knowledge acquisition lose their 
importance. Thus, for instance, R&D outsourcing is not significant in either of the two 
sectors analysed. This also applies to the acquisition of intangible technology in the case of 
supplier-dominated firms, and to non-industry cooperation for science-based firms. It 
should also be noted that the above variables represent for the most part scientific 
knowledge sources. In this sense, the results suggest that, rather surprisingly, with a high 
level of internal technological capabilities derived from in-house R&D activities, external 
knowledge acquisition loses its importance as a determinant of firm innovation output. The 
model 3 estimations confirm the above, provided that the interactive terms ERD*IRD and 
CNI*IRD have a negative sign and, in some cases, are significant at 1%.  
Although the empirical support for the argument is small, it is generally assumed that 
internal R&D efforts increase the firm’s absorption capacity, thereby promoting the use of 
external scientific knowledge sources and encouraging its exploitation for innovation 
development. Our results, however, indicate that although the IRD variable is positively 
correlated to the ERD and CNI variables, if we analyse their joint effects on the firm’s 
innovation output, they do not behave in a complementary way. We can infer, therefore, 
that although internal R&D activities are associated with a greater use of external scientific 
knowledge sources (through purchase or cooperation), they do not seem to promote their 
utilisation for innovation development. This result suggests that the indirect effect of R&D 
that arises out of the increase in absorption capacity is limited. Following the conceptual 
framework proposed by Zahra and George (2002), we could say that in the context 
analysed in the current study, internal R&D efforts are associated with the firm’s potential 
absorption capacity (acquisition and assimilation of external knowledge), but not with the 
actual absorption capacity realised (transformation and utilisation of external knowledge).  
The above shows that the innovative performance of Spanish manufacturing firms, 
especially in terms of new products introduced in the marketplace, is mainly determined by 
the firm’s internal technological capabilities. These results are consistent with the findings 
from other studies that show that the value of external factors in innovation processes may 
have been overestimated by the network approach (Sternberg, 2000; Oerlemans et al., 
1998), and point to an estimation of the importance of cooperation in conditional terms. As 
Freel (2003, p 762.) puts it: “certain types of cooperation are associated with specific types 
of innovation, involving certain firms, in certain sectors”, to which we would add an 
additional rider: and certain levels of internal technological capabilities.  
Also worth noting is that both machinery and equipment acquisition and cooperation with 
industrial agents have the same influence in model 2 as in model 1, proving that, unlike 
scientific knowledge sources, the effect of industrial knowledge sources on innovation 
performance is largely dependent on the firm’s internal technological capabilities. This is to 
be expected if we bear in mind that the knowledge generated by in-house R&D activities, in 
principle, is different in nature from that generated through the purchase of machinery or 
cooperation with industrial agents.   
4. CONCLUSIONS  
The importance of external knowledge sourcing in the firm’s innovative strategy is a 
subject that has been extensively addressed in the recent literature. On the one hand, it has 
been established that firms are not self-sufficient with regard to technological resources and 
that they therefore need to combine their capabilities with the capabilities that exist in other 
companies and institutions. On the other hand, it has been pointed out that the availability 
of external knowledge, instead of discouraging expenditure on internal R&D, could 
promote the development of inhouse capabilities and even complement them and improve 
innovative performance.This paper has addressed those relationships and, unlike previous 
studies, it not only examines the coexistence of external and internal knowledge acquisition 
in business strategies, but also studies their joint effect on the development of both product 
and process innovations.   
The effects of the different external knowledge sources on the firm’s innovation 
performance are partly consistent with the existing literature. Along this line, it is all the 
more surprising that cooperation with industrial agents for process innovation in the case of 
supplier-dominated firms is not significant, but it is important for science-based firms. 
Although suppliers are not the only group of industrial agents considered in the analysis, 
this result indicates that their importance as a knowledge source for the improvement of 
production processes in traditional industry firms is limited to the supply of machinery and 
equipment.   
With regard to the relationships between external knowledge sourcing and internal R&D 
activities, our study provides no indications of support for the complementarity hypothesis. 
More importantly, our analysis reveals that depending on the type of innovation developed 
and the nature of the external knowledge, the effect of external knowledge sources on the 
firm’s innovation performance may decrease as the firm’s R&D efforts increase. Thus, the 
greater the firm’s internal technological capability, the less important is the acquisition of 
external R&D and cooperation with scientific agents in determining product innovation.   
In general, the results obtained support the idea that innovation is a process that largely 
builds on the firm’s internal capabilities, and warn against the risk of overrating external 
knowledge sourcing. In this regard, neither R&D outsourcing nor cooperation with 
scientific agents seem to play a key role in expanding the core competences of the firm, let 
alone replacing internal R&D efforts as determinants of innovative performance. In contrast 
to the general trend in innovation policies, which stress and promote cooperation between 
universities and firms, our results show that the networks that have the greatest effect on 
innovation performance are those established among industrial actors along the value chain.  
However, we cannot generalise or extend the above statements to other contexts than the 
manufacturing industry in a technology follower country; some of the patterns identified in 
this study differ from those found in previous research conducted in countries with higher 
levels of scientific and technological development. Policy makers in technologically 
backward countries should note this and avoid defining innovation promotion mechanisms 
that respond to the dynamics of developed countries. Our results suggest that, rather than 
promoting the establishment of relationships with scientific agents, innovation policies in 
Spain should focus on strengthening the technological capabilities of firms as these 
capabilities have the greatest influence on innovation, and on increasing firms’ human 
capital, encouraging the spread of new technologies, and focusing on the implementation of 
innovation networks of firms.   
Finally, we should emphasise that, given the lack of empirical studies on this topic, our 
results provide some suggestions about the importance of external knowledge acquisition 
on innovation performance, bearing in mind both the characteristics of the firm and the 
specificities of the context. Analysis of the complementarity of firms’ innovation strategies 
constitutes an interesting area for future empirical research.  
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